Introduction 58
The ability of primates including man, to perform a precision grip between the thumb and 59 index finger and independent movements of the digits, is generally accepted to require a 60 Surgery. The animals were first anesthetised with Ketamine (0.3ml) and Xylazine 119 (0.6ml) and then with Nembutal (20 mg/kg). The segmental border at C2 was exposed by 120 a laminectomy and a transverse durotomy was made. The CST lesion was made under a 121 surgical microscope using watchmakers forceps as described in detail by Sasaki et al. 122 (2004) . The lesions were aimed at the smallest size giving complete interruption of the 123 monosynaptic CM excitatory connection. The descending volley was not monitored. 124
Electrophysiological experiments. After the behavioural test period (survival time 7.5 125 months for M and 17 months for H), the animals were first anesthetised with Ketamine 126 (0.3 ml) and Xylazine (0.6 ml) and after the tracheotomy, Isofluorane (1.0-2.0%) was 127 used throughout the surgery. After surgery, anesthesia was changed to α-Chloralose 75-128 100 mg/kg. Blood pressure was maintained around 100 mmHg and pCO2 at around 4.0%. 129
A drip of Ringer-glucose was given during the entire experiment and the urinary bladder 130 was emptied regularly. Atropin (0.5 mg), Decadrone (4mg), Gentacine (1ml) was given 131 just after anesthesia. Atropin was given at intervals of 4-5 hours. The animals were 132 7 paralyzed with Pancuronium bromide (1ml, 0.2mg/ml) given at 30 minutes interval and 133 artificially ventilated with a pump. A pneumothorax was made just prior to intracellular 134 recording. 135
136
A craniotomy was made which exposed the posterior part of cerebellum and the caudal 137 brain stem in order to place the pyramidal electrode. It was calibrated at the obex (angle 138 65 degrees from the vertical line) and placed about 2.5 mm rostrally, 1.25 mm laterally 139 and at depth of 5.0 mm from the bottom of IVth ventricle. The threshold for eliciting the 140 descending pyramidal volley was usually around 5 µA. Monopolar cathodal pulses (0.1 141 ms duration) were applied by using tungsten electrodes with an impedance around 50-100 142 kΩ and a tip diameter of 10 µm. A laminectomy was made of the C2-Th1 and of the Th6-143 10 segments. The Deep Radial nerve was dissected and mounted in a cuff with bipolar 144 silver electrodes. Other forelimb nerves were stimulated with needle electrodes inserted 145 through the skin. 146 147 Intracellular recordings were made from antidromically identified forelimb MNs (and 148 unidentified MNs) in the lateral motor nuclei of the C6-Th1 segments as described 149 previously (Sasaki et al. 2004) . Bipolar recordings of the descending volleys were made 150 from dissected spinal halves in the Th6-10 segments as described before (Alstermark et al. 151 1981 Because it is not possible to determine if the CST lesions in C2 are complete or not only 166 from the histology (Fig. 2 D) , we made acute electrophysiological control experiments 167 after finishing the behavioural postoperative test period as illustrated in Figs. 1 and 2 . 168
Recordings were made of extracellular field potentials (Fig. 1A) , the descending 169 corticospinal volley below (C3) the lesion in C2 from the surface (cord dorsum 170 recording; Fig. 1B ) and from dissected spinal halves below the lesion (Fig. 1C ) from both 171 the lesioned (black traces) and intact sides (red traces). It can be seen that the lesion 172 completely abolished the monosynaptic field potential and the direct corticospinal volley 173 on the lesioned side (asterisk). The remaining late volley shown in Fig. 1C was due to 174 synaptic activation, as indicated by the longer latency and potentiation of amplitude after 175 the second stimulus (inset in C). 176
Fig. 1 177
We also recorded intracellularly from forearm and hand MNs in the C6-Th1 segments. 178
The experimental arrangement is shown in Fig with an apposition movement of the thumb (frames 3-5). By continuing these movements, 208 the morsel was removed from the pin (frame 6) and after withdrawal from the tube it was 209 held between the distal phalanges of the index finger and the thumb (frame 7). 210
211
The effect of a CST lesion at the level of C2 is illustrated in Fig. 3 B-D (monkey H) and 212 in a movie (see supplementary online material). As soon as the animals were able to 213 insert the digits into the tube, it was evident that digit grasping was completely abolished. 214 Figure 3D shows the representative behavior of monkey M, nine days postoperatively. 215
The digits are evidently paretic and just pushed with the dorsum against the morsel. In 216 monkey H ( Fig. 3B ; postoperative day 5) the digits were more extended during the 217 insertion so that the palmar side of digits 2-4 could be positioned on the morsel (frame 4) 218 but without any sign of digit flexion (frames 5-6). The morsel was raked out from the 219 tube and lost (frame 7). Digit flexion improved successively so that at 220 approached. It is evident that the index finger is more extended than the third digit. E and 243 F show representative images of the hand during the movement of manual transport of 244 the morsel to the mouth which succeeded the digit grasping. Preoperatively (E) digits 3-5 245 were flexed whereas digits 1-2 were extended and used for precision grip. 246
Postoperatively (F, day 15) the morsel was held with flexion of all digits. 247 The behavioural results revealed a striking difference in the ability to perform the 251 precision grip after transection of the CST in C4/C5 versus C2. We showed previously 252 (Sasaki et al. 2004 ) that the precision grip completely recovers already within the first 253 two postoperative weeks after a minimal but complete transection of the CST in C4/C5. 254 transection in C2 whereas the power grip returned already after two weeks. We conclude 256 that the command for the precision grip can be mediated via C3-C4 PNs already within 257 the first two postoperative weeks, but not via bulbospinal neurons, which instead can 258 mediate the command for the power grip. Thus, our findings do not support the view that 259 the monosynaptic CM pathway is solely responsible for the control of fine digit 260 movements, but show that a spinal interneuronal pathway, the C3-C4 PN system, can 261 effectively contribute to this control. However, our results do not invalidate the 262 importance of the monosynaptic CM pathway and of segmental interneurons in the C6-263
Th1 segments (Takei and Seki 2010). We do not exclude that the monosynaptic CM 264 pathway may be critical for more complex finger movements than tested in this study. 265
Taken together, our present findings confirm the work by Lawrence and Kuypers (1968a) 12/12 cells) on the intact side without the usage of strychnine (we never gave strychnine 293 in these experiments). It is postulated that there has been a down regulation of the 294 inhibition after the chronic C4/C5 CST lesion (cf. Sasaki et al. 2004 ). This interpretation 295 is supported by experiments in stroke patients, in which an enhancement of excitation 296 mediated via PNs, was also observed (Mazevet et al. 2003) . In the present study, di-and 297 trisynaptic EPSPs were regularly found also after chronic C2 lesion (75%, 15/20 cells). In 298 contrast, after an acute lesion at the same level disynaptic EPSPs were much less frequent 299 (8%) despite blocking glycinergic inhibition with strychnine (Alstermark et al. 1999) . Weinfer that the chronic C2 lesion induced plastic changes in cortico-reticulospinal 301 pathways on both the intact and lesioned sides. 302
303
The present findings also pertain to the phylogenetic development of spinal interneuronal 304 pathways. In the cat, the C3-C4 PN system normally mediates the command for reaching, 305
but not for digit grasping (Alstermark et al. 1981) . The contribution of C3-C4 PNs to 306 digit movements in primates suggests that a new function has been added to this pre-307 motoneuronal system during evolution. The advantage of linking the control of digit 308 grasping to that of reaching is apparent in primates, including man e.g. when grasping 309 small objects or during object transport when reaching may be combined with precision 310 grip. In the primate, including humans, the control of prehension is commonly discussed 311 in relation to cortical mechanisms. It is interesting that a coupling between reaching and 312 grasping may, at least partly, be controlled at the level of the spinal cord. 
